The aim of this study was to investigate effects of the number of acquisitions (NEX) on signal-to-noise (SNR) and artifacts in SENSE parallel imaging of magnetic resonance imaging (MRI). 3.0T MR System, 8 Channel sensitivity encoding (SENSE) head coils were used along with an in-vivo phantom. Reference sequence of 3D fast field echo (FFE) was consisted of NEX values of 2, 4, 6, 8, 10 and 12. The T2 turbo spin echo (TSE) sequence used for exams achieved SENSE factors of 1.2, 1.5, 1.8, 2.0, 2.2, 2.5, 2.8, 3.0, 3.2, 3.5, 3.8 and 4.0. Exams were conducted five times for each SENSE factor to measure signal intensity of the object, the posterior phase-encode direction and frequency direction. And SNR was calculated using mean values. SENSE artifacts were identified as background signal intensity in the phase-encoded direction using MRIcro. It was found that SNR increased but SENSE artifacts reduced with NEX of 4, 8 and 12 when the NEX increased in reference scan. It is therefore concluded that image quality can be improved with NEX of 4, 8 and 12 for reference scanning.
Introduction
The overall image acquisition time draws growing attention along with image contrast as MRI is commonly used as a diagnostic tool for patients with various medical conditions. Fast image acquisition is particularly embraced for images showing involuntary movements such as blood flow, cardiac motion and changes of brain activity. Among fast scanning techniques, k-space acceleration is basically used to increase image acquisition time. Other fast scanning methods include echo planar imaging (EPI), spiral scan imaging (SSI) and radiofrequency (RF) echo-based fast spin echo [1] [2] [3] [4] . However, these techniques have limitations of producing only sequential images. Parallel imaging technique has emerged as new means of fast imagining that overcome the limitations of existing fast imaging techniques. Parallel imaging is designed to obtain images simultaneously using multiple receive coils. Once data is received by each coil, the typical imaging process for spatial encoding occur based on changes of gradients, but it is more parallel because spatial encoding simultaneously occurs utilizing sensitivity of each coil. In parallel imaging, MRI image is reconstructed using sensitivity information inherent in each coil and reducing the number of phase encoding steps. Simultaneous spatial encoding therefore shortens the image acquisition time. Accurate information on coil sensitivity map is required for accurate image reconstruction from sensitivity encoded data. A reference scan was therefore performed to obtain additional information on coil sensitivity before image reconstruction. While parallel imaging technology in MRI is useful to obtain images quickly, ghosting and blurring on reconstructed images, which are caused by involuntary movements of internal organs such as heart and cells and patient's movement pose limitation [10] . Many studies have addressed the limitation and suggested ways to improve image quality by detecting movements and adjusting them in advance. However, these studies used conventional MRI scans rather than parallel imaging techniques. Particularly no studies have ever used MRI reference scans. A reference scan can be used to reconstruct images from sensitivity encoded data and have a great impact on image quality. Generally, fixed NEX values are used for reference scans. However, changes in NEX values result in changes in image signals. It was therefore necessary to find how image quality is affected by changes in NEX values in reference scan. This study was aimed to investigate effects of NEX variations on signal-to-noise (SNR) and artifacts in SENSE parallel imaging of MRI.
Subjects and Methods
In this study, images were obtained using 3.0T MR System (Achieva Release 2.5, Philips, Netherlands), 8 channel SENSE head coils and phantom bottle assembly (contents 2.0 ± 0.05 g/L CuSO 4 ·5H 2 O, 4.5 ± 0.05 g/L NaCL, 1.89 L distilled water, P/N-102130), manufactured by in-vivo in Pewaukee, Wisconsin U.S.A 800-524-7476. In parallel imaging, sensitivity encoding reconstruction was performed using rectangular scans. Each fast reconstructed coil image for parallel imaging contains field of view (FOV) reduced by the reduction factor R. Each pixel I in coil images with reduced FOV is stacked with pixels ρ k , (k = 1, …, R) distributed at the same distance in full FOV image [12] Also, ρ k pixels were weighted with the coil sensitivity S at the corresponding location in full FOV image. Therefore, the pixel I m = (x, y) obtained from m coil can be expressed as follows: [12] (1)
Here m denotes the number of coils used and R denotes a reduction factor. The above formula can be expressed as follows [12] : (2) And N linear equations can be constructed for m coils and R unknowns, and these equations can be expressed in the matrix form as follows: [12] (3) Vector denotes complex image values for each coil. Thus vector size is equal to the number of coils. The matrix S denotes sensitivity map for each coil at the corresponding positions of pixels superimposed with R pixels. is an m × n. Vector denotes a set of pixels in the full FOV where each coil image is stacked. Once coil sensitivity having complex values at each corresponding position of pixels is known, value can be obtained by calculating the inverse of the matrix S [12] . (4) By solving the Eq. (4) repeatedly for each pixel in sensitivity encoding, and the full FOV reconstructed image is obtained [12] .
Reference Exams were conducted five times for each SENSE factor to measure signal intensity for the object, the posterior phase-encode direction and frequency direction. And SNR was calculated using mean values (Fig. 1 ). As shown in the Eq. (5), SNR was calculated by finding the difference in signal intensity between the area of the object and the background.
SNR = (5)
SNR: signal to noise ratio SDN: standard deviation of noise in the background SI: signal intensity And artifacts were measured as background signal intensity in the phase-encode direction (Fig. 2) . The increase in SNR with two different NEX variations was ANOVA (SPSS win 17.0 software, Chicago, USA) was used to determine the difference in mean vales between SNR in regions of interest obtained from three sense factors and background signal intensity in the phase direction. And Dunnett was used for post-hoc analysis. P values of less than 0.05 are considered statistically significant. a M-shaped curve. SNR also increased on the basis of 2 NEX showing a M-shaped curve (Fig. 4) .
Results

SNR comparison between SESE factor and NEX
SENSE artifacts comparison between SENSE factor and NEX
With 2 NEX, the highest SNR was 27.71 ± 2.35 at SENSE factor of 2.0 while the lowest SNR was 13.36 ± 1.25 at SENSE factor of 1.2 (p < 0.05). With 4 NEX, the highest SNR was11.78 ± 1.24 at 1.8 and the lowest SNR was 6.93 ± 0.65 at 4.0 (p < 0.05). With 6 NEX, the highest SNR was 14.79 ± 1.52 at 2.0 and the lowest SNR was 9.39 ± 1.39 at 4.0 (p < 0.05). With 8 NEX, the highest SNR was 9.02 ± 0.74 at 2.0 and the lowest SNR was 5.80 ± 0.44 at 3.2 (p < 0.05). With 10 NEX, the highest SNR was 9.12 ± 1.09 at 1.8 and the lowest SNR was 5.51 ± 0.61 at 4.0 (p < 0.05). With 12 NEX, the highest SNR was 8.03 ± 0.65 at SENSE factor of 1.5 and the lowest SNR was 4.70 ± 0.34 at SENSE factor of 4.0 (p < 0.05).
In changes in SNR with sense factors, a higher SNR was observed with 2 NEX at all SENSE factors (p < 0.05) ( Table 2) (Fig. 5) . There was no specific correlation between NEX variations and SNR. However, the graph showing the relationship between SENSE artifacts and NEX variations, background signal intensity reduced with NEX 8 and 12 showing a W-shaped curve. SNR also increased on the basis of 2 NEX showing a M-shaped curve (Fig. 6 ).
Discussion
The use of parallel imaging of MRI has rapidly increased as means of fast imaging technique over the last decade. Parallel imaging is designed to obtain images simultaneously using multiple receive coils [13] [14] [15] [16] . Two independent receive coils are placed to the object, and each coil is deemed to have sensitivity map in a rectangular shape (boxcar) and cover only half of the full FOV [13] . In other words, one receive coil detects signals from half of the object while the other coil detects signals from the other half. Separately, it is assumed that phase encoding steps should be taken N times to obtain data from the full FOV with balanced coil sensitivity [13] . However, data received by each coil after phase encoding steps for N times covers only half of the object based on the rectangular-shaped sensitivity map. This is described in Fig. 7 . It is possible to reduce phase-encoding steps by half by adjusting the nature of coils. That is, using two receive coils designed to cover half of the full FOV simultaneously, phase-encoding steps need to be taken N/2 times not N times. And image acquisition time reduces as a result [13] . Accurate information on coil sensitivity map is required for accurate image reconstruction from sensitivity encoded data. A reference scan was therefore performed to obtain additional information on coil sensitivity before image reconstruction Reference scans do not provide information on absolute coil sensitivity. However, coil sensitivity map can be estimated by spatial scales used for image reconstruction under the assumption that each coil has the same spatial scale. A reference scan is therefore performed before the parallel imaging reconstruction. Despite the impact of reference on image reconstruction and quality, there has been few related studies of reference scans. This study was aimed to investigate effects of changes in SENSE factors and NEX on SNR and SENSE artifacts. While there was no specific correlation between SNR and NEX variations, SNR increased with NEX 4, 8 and 12 showing a M-shaped curve. SNR also increased with 2 NEX showing a M-shaped curve. There was no specific correlation between NEX variations and SNR. However, the graph showing the relationship between artifacts and NEX variations, background SNR decreased with NEX 8 and 12 showing a W-shaped curve. SNR also increased with 2 NEX showing a Mshaped curve. Generally, NEX increases SNR. But SNR showed a M-shaped curve in responses to changes in NEX in this study. It was reported that there can be additional loss of SNR depending on array layout of coils during sensitivity encoding in parallel imaging. In general, the coding efficiency at each position in FOV created by array layout of coils is expressed by a geometric factor. It is therefore claimed that SNR of completely reconstructed image is affected in sensitivity-encoding by g-factor as indicated by the following equation: (6) This means that SNR can be also changed by a geo- metry factor, which distorts the relationship between NEX variations and SNR. That is why SNR exhibited a Mshaped curve as NEX increased in this study, A geometry factor was likely to have an impact on the relationship between SENSE factors and SNR as well. Park et al. [17] measured effects on SNR resulted from each SENSE factor in three-dimensional MRI images. According to them, there was no significant difference in SNR with SENSE factors 2 and 3. But SNR increased with factor of 5. In this study, SENSE factors were more segmented and changes in SNR were measured. SNR decreased and subsequently increased in this study. On the contrary, background SNR increased and decreased as the effects of artifacts in sensitivity encoding. The decrease in background SNR was likely attributed to reduced noise in response to increasing SNR.
In conclusion, an increase in SNR and a decrease in artifacts were observed with NEX of 4, 8 and 12 when NEX increased in the reference scan performed using 8 channel head coils.
Conclusion
This study was conducted to identify how changes in NEX and SENSE factors affect image quality in a reference scan performed as a part of parallel imaging technique. SNR increased but SENSE artifacts reduced with NEX of 4, 8 and 12 when NEX increased in reference scan. It is therefore concluded that image quality can be improved with NEX of 4, 8 and 12 for reference scanning. The results of this study can be used to improve diagnostic efficiency in clinical practices.
